Introduction
Although much has been added to our knowledge concerning the requirements for pollen germination and pollen tube growth in recent years (1, 2, 4, 10, 17, 18) , very little progress has been made in studying chemotropism of pollen tubes. Literature dealing with this subject prior to 1924 has been reviewed by BRINK (3) . There is an obvious lack of agreement among the different workers as to: (a) whether chemotropism of pollen tubes to pistil parts exists at all; and (b) if so, the role that chemotropism plays in directing the pollen tubes toward the egg. The present investigation is an attempt to further our knowledge of this process.
Methods
The plant materials used during the course of this investigation came chiefly from the greenhouses of the Botany Department and the garden of the Horticulture Department of the University of Wisconsin. An attempt was made to use as many plant species as were available and had been reported in the literature to show positive pollen tube chemotropism, with a view to confirming and testing the earlier results. Of these plants, Hippeastrumk Johnsoni, a hybrid, was found to be the most favorable material for the study of chemotropic response because of its large stigma and pollen grains. Its use, however, was limited by its restricted flowering season.
The medium found most suitable for culturing pollen tubes of most plants contained 1%o agar, 10% sucrose and yeast extract at a concentration of 100 p.p.m. Yeast extract was used since, according to BRINK (3) , it decidedly accelerated pollen germination and promoted pollen tube growth. While still, hot, the agar medium was poured into a Petri dish to form a layer about 4 mm. thick. Pistil parts including whole ovules and sliced stigma, style, placenta, and ovary wall were imbedded near the surface when the agar started to gel. Pollen grains were spread with a camel's hair brush around the pistil slices after the medium had hardened. For low power examination the Petri dishes were inverted; cover slips were placed directly on the agar plate for high power examination.
Pollen grains of most species germinate within one to two hours, and since observations were usually completed within two hours, no special sterilization procedures were employed. All experiments were carried out at room temperature which did not vary more than two degrees from 250 C.
The preliminary investigation consisted of an attempt to determine whether chemotropism could be demonstrated in vitro. After this phenomenon was demonstrated, two methods of experimentation were employed. One involved determining the nature of the active factor which is present in the pistil parts; the other was an attempt to duplicate the effect of the natural tissue with known substances.
The technique found most suitable for the application of known substances involved preparation of agar containing known concentrations of the substance used. Two-millimeter cubes were cut from this solidified agar. These cubes were placed on the surface of the culture plates in the same fashion as the pistil parts. By this method, a number of substances in varying concentrations were tried. These included sucrose, White 's medium containing inorganic salts (21) , indole-3-acetic acid, organic acids, amino acids, proteins, and various other nitrogen-containing substances. Some of these substances had been reported to have pronounced effect on the stimulation of pollen tube growth. Some are believed to be effective in inducing chemotropism of pollen tubes, while others are essential in plant metabolism.
Various attempts were made to isolate the active substance or substances from the pistil parts. These included extraction with water, ether, and 95% alcohol. The tissues were also placed on agar blocks at different pH levels, with the idea that the active substance might diffuse out into the agar. The agar blocks were then tested for activity.
In order to determine some of the properties of the active factor, the active tissues were subjected to various treatments before being used. To study the thermo-stability of the active factor, the tissues were heated at 1000 C. To get some idea of the molecular size of the substance, pieces of the tissues were wrapped in commercial cellophane membranes, and then imbedded in the agar of the test plates. Activity was also determined after other pieces of the tissues had been hydrolyzed with 5% HCl and then neutralized with NaOH. There is a maximum effective distance beyond which the influence of the active tissue does not extend. Beyond this distance, the pollen tubes grow at random. This is shown in figures 1 and 2. The effective distance in Antirrhinum majus and Hippeastrum was measured and was found to be 1-1.5 mm. This is in agreement with observations by MOLISCH (13) in Narcissus Tazetta. The agreement of the measurements of the effective distances presumably indicates similar diffusion patterns and therefore may mean the effective substances in the two cases have approximately the same molecular weight.
Results
If, while still growing, the tubes were turned gently with a camel's ATTEMPTS TO ISOLATE THE ACTIVE FACTOR Various methods were used in an attempt to isolate the active factor from the pistil tissue. Agar was made up at different acidities (pH 4.0, 6.9, 9.1) and allowed to solidify. Lobes of fresh stigma tissue of Hippeastrum Johnsoni (the stigma is tri-lobed) and masses of ovules of Antirrhinum were placed directly on the agar surface. Cubes of agar just large enough to hold the tissue were then cut out. These small cubes were put on a pad of moistened filter paper in a covered Petri dish. Diffusion into the agar was allowed to take place at room temperature for three and one half hours. The tissues were then removed and the agar blocks inverted on another culture plate containing solidified agar medium, so that the surface with which the tissues had been in direct contact touched the surface of the culture medium. Pollen grains were spread around the cubes in the usual manner. The results indicated no transfer of an active factor to the agar.
Positive results were finally obtained with Lilium superbum using 3%'o agar at pH 6.9 instead of the 2% as above and allowing diffusion to continue for five hours. The pollen tubes were markedly attracted by these cubes. Apparently part of an active factor existing in the tissue had diffused out into the agar blocks.
Water extractions were prepared in the following way. Fresh stigma tissue from five flowers of Hippeastrum was ground in a mortar with 2 ml. of distilled water and then filtered through filter paper. The filtrate was subjected to activity tests by several methods. In each test the filtrate failed to induce positive chemotropism. Similarly, the filtrate from ground ovules of eight flowers of Antirrhinum did not show any activity. The extraction was repeated by grinding the tissue with a little CaCO3 to neutralize any acid which might have been produced from the tissue breakdown. The filtrate was still not active.
The active tissue was also ground with ethyl ether. Filter paper strips were soaked in the filtrate, the ether was allowed to evaporate completely, and the filter paper strips were used for the activity test. The pollen tubes were found to be indifferent to them. A trial with 95% ethyl alcohol extracts gave the same result. Although the filtrates were not active in any of the above cases, the mashed residues of the parts used remained active.
Stigmas of Hippeastrum still retained their activity in attracting the pollen tubes after being boiled in 50 ml. of distilled water for 10 minutes.
Hydrolysis with 5% HCI for 10 minutes followed by neutralization with NaOH also failed to destroy their effectiveness. However, stigmas wrapped in a commercial cellophane membrane and imbedded in agar, completely failed to attract the tubes growing around them. This indicates that the active substance could not pass through the pores of the membranes. The exact porosity of the membrane was not determined, but these facts suggest that the molecular weight of the substances must be relatively high.
DIscussIoN OF RESULTS
The above observations substantiate earlier reports on chemotropism of pollen tubes. The failure to demonstrate this phenomenon under certain experimental conditions does not necessarily mean that chemotropism does not exist in nature, nor that it is without significance in directing the growth of pollen tubes to the embryo sac.
It is true that this phenomenon can be more consistently demonstrated in some species than in others. Pollen tube chemotropism of Narcissus Tazetta, previously reported by MOLISCH (13) , LIDFORSS (7), and TOKU-GAWA (20) , was verified in the present investigation. Similarly, the present findings agree with those of previous authors in the case of Antirrhinum. On the other hand, the present work did not confirm Miyoshi's results on Scilla and Primula (12) , nor BRINK'S work on Hippeastrum (3). These discrepancies are understandable when one considers, first, that the situation varies even within a species handled under identical laboratory conditions and with the same kind of medium as was demonstrated in this study; and second, that the occurrence of pollen tube chemotropism is affected by the concentration of the culture medium, as has been shown by LIDFORSS (8) . It seems likely that there are some undetermined internal and external factors which regulate production of some unidentified substance which is active in the induction of chemotropism.
Despite the failure to identify the active factor, the above studies give some idea of its properties. It must be a slowly diffusing, heat stable, water soluble substance of considerable molecular size. It is rather resistant to acid hydrolysis. Since the stigmas of Hippeastrum still retained activity after being boiled 10 minutes in 50 ml. of water, the active substance must be effective in very small concentrations.
The comparable effect of sodium malate both on fern spermatozoids (13) and on the pollen tubes of Antirrhinum (3) suggests that the active substance may not be specific. This suggestion is supported by the observation of some investigators that pollen tubes show chemotropism to the stigmas and ovules of quite distantly related species and is further strengthened by the fact that the maximum distance observed by MOLISCH in Narcissus Tazetta (13) and by the present author in Hippeastrum and in Antirrhinum was approximately the same.
The mechanism of pollen tube chemotropism does not seem comparable to the chemotactic movement of lower organisms, such as bacteria and some unicellular algae, and of the spermatozoids-of fern. In those cases, the whole cell moves, usually by means of cilia or flagella, toward the chemical stimulus. It is, however, more or less like the chemotropism of hyphae from germinating fungus spores (11) . Knowledge of this phenomenon is also scant. Positive chemotropism of seedling stems and roots of higher plants has been reported (6, 9, 14, 16), but the mechanism involved may be even more complicated. Since, in the present case, we are dealing with a single cell rather than a multicellular organ, like stem and root, it would appear that the bending response of the pollen tu-be might occur as a result of unequal growth of the wall on two sides of the tube. In pollen tubes the wall is composed mainly of pectic substances. If the growth of this wall varied inversely with the concentration of the active substance, in other words, if the substance inhibited the extensibility of the wall material, directly or indirectely, the observed response would result.
The ineffectiveness of the water extract of the tissue described above may be explained by assuming that some interfering wound substance is released. It would be difficult to explain otherwise, since the effective substance is water soluble. The explanation for the inactivity of the residue from ground tissue is possibly due to the fact that the active factor is continuously formed from the tissue, as in the case of auxin.
That the substance involved in chemotropism is probably not nutritive in nature is seen from the experimental results which show that substances known to be essential for tube growth failed to induce chemotropism. Therefore, "chemotropism" is to be distinguished from "trophotropism," which, as defined by STRASBURGER (19) 4. The active factor in the stigma of Lilium superbum was shown to diffuse out from the tissue into an agar block, and subsequently from the block into the culture medium to exert its influence.
5. The active factor in all cases studied was shown to be a slowly diffusing, heat stable, water soluble substance of considerable molecular size.
It must be effective in very low concentrations.
6. As an explanation of the mechanism of pollen tube chemotropism, it is postulated that the active substance may directly or indirectly inhibit the extensibility of the wall material of the tube, thus controlling the direction of growth.
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